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REMARKS 

In the Office Action dated June 3, 2004, claims 18-22 were examined with the 
result that all claims were rejected. In response, Applicant submits the following remarks 
and an article by Plum et al. In view of that article and the following comments, 
reconsideration of this application is requested. 

In the Office Action, claims 18-22 were rejected under 35 USC § 103(a) as being 
unpatentable over DeLuca et al U.S. Patent 5,843,928. Basically, it is the Examiner's 
position that DeLuca et al '928 teaches a genus of vitamin D compounds, including the 
presently claimed 2-methylene-19-nor-20(S)-la,25-dihydroxyvitamin D 3 (2MD), and 
since it is known that vitamin D compounds are useful to treat various cancers, it would 
be obvious to employ any of the vitamin D compounds disclosed in the DeLuca et al '928 
patent in a method of treating leukemia, colon cancer, breast cancer and prostate cancer. 
Applicant, however, respectfully disagrees for the following reasons. 

It is well known that vitamin D must be metabolized in vivo to its biologically 
active form, namely la,25-dihydroxyvitamin D 3 , before it can properly function in the 
human body. Thus, this vitamin D native hormone is used as the standard against which 
all other analogs of the vitamin D hormone are compared. For example, in the DeLuca et 
al '928 patent cited by the Examiner, the calcemic activity (intestinal calcium transport in 
bone calcium mobilization activities) of the 2-methylene analogs disclosed therein are all 
compared with la,25-dihydroxyvitamin D 3 . Applicant specifically refers the Examiner 
to Tables 1 and 2 in the '928 patent which clearly show that the 2-methylene compounds 
disclosed therein are compared to la,25-dihydroxyitamin D 3 as the "standard" to 
determine the relative activity of such compounds. With this in mind, the Examiner 
should note that all of the data presented in the present patent application has also been 
compared to la,25-dihydroxyvitamin D 3 as the standard. Thus, when analyzing the 
biological activity of a compound to determine its possible selectivity and whether such 
compound might be used in treating specific disorders, one will typically compare those 
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biological activities to la,25-dihydroxyvitamin D 3 and if the activity is greater than the 
corresponding activity of la,25-dihydroxyvitamin D 3 , then such a compound is 
considered to be a candidate for treating a specific disorder or disease. Obviously, this 
depends upon the other activities of the vitamin D analog, but in general and as an initial 
screening, greater activity than la,25-dihydroxyvitamin D 3 would lead one to consider 
that such a compound would be useful to treat the specific disorder or disease. As a 
result, compounds with low activity, i.e. activity less than la,25-dihydroxyvitamin D 3 , 
would be considered a relatively poor candidate, or at least one less desirable, for a 
particular disorder or disease. 

Keeping the above in mind, the Examiner concludes that one skilled in the art 
would be motivated to employ "any" of the vitamin D compounds of DeLuca et al '928 to 
treat leukemia, colon cancer, breast cancer and prostate cancer. However, Applicant 
submits herewith an article by Plum et al entitled "Biologically Active Noncalcemic 
Analogs Of la,25-Dihydroxyvitamin D With An Abbreviated Side Chain Containing No 
Hydroxyl" which appeared in the Proceedings of the National Academy of Sciences, 
Volume 101, No. 18, May 4, 2004. This Plum et al article discloses and discusses various 
biological activities for three analogs of the natural hormone. These analogs include 2- 
methylene- 1 9-nor- 1 a-hydroxyhomopregnacalciferol (2MP), 2-methylene- 1 9-nor-20(S)- 
la-hydroxy-bishomopregnacalcifol (2MbisP), and 2-methylene- 1 9-nor- la- 
hydroxypregnacalciferol (2Mpregna). The Examiner should note that all three of these 
compounds are covered by the generic structural formula set forth in the DeLuca et al 
'928 patent. More specifically, the 2Mpregna compound is covered by the generic 
structure when R$ and R 8 are both hydrogen, Z is Y and Y is hydrogen. The analog 2MP 
is covered by the generic structure in the '928 patent when and R 8 are both hydrogen, Z 
is Y and Y is methyl. Finally, the analog 2MbisP is covered by the generic formula in the 
'928 patent when R$ and R 8 are both hydrogen, Z is Y and Y is the illustrated radical 
when Ri, R 2 , R 3 , R4 and R 5 are all hydrogen and m and n are both 0. Thus, in accordance 
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with the Examiner's position, one skilled in the art would be motivated to employ any of 
these three vitamin D analogs in a method of treating leukemia, colon cancer, breast 
cancer and prostate cancer. 

Referring to the Plum et al article, however, and specifically the data in Table 1 at 
the top of page 6901 thereof, the Examiner can see a comparison of the HL60 cell 
differentiation activity for these three compounds as compared with the native vitamin D 
hormone. The activity of all three compounds in HL60 cell differentiation is clearly less 
than the native vitamin D hormone as evidenced by the fact that each of the three analogs 
requires a higher concentration than lot,25-dihydroxyvitamin D 3 in order to obtain the 
same results as la,25-dihydroxyvitamin D 3 (the EC 50 value). Thus, all three of these 
compounds are less active than la,25-dihydroxyvitamin D 3 in HL60 cell differentiation 
activity, and thus they would be unlikely to be selected for treating diseases such as 
leukemia, colon cancer, breast cancer and/or prostate cancer. As a result, the Examiner 
cannot conclude that "any" vitamin D analog disclosed in the '928 patent would be 
selected by one skilled in the art to treat such cancers. 

To be fair, Applicant should point out to the Examiner that under the "Results" 
section of the Plum et al article, specifically in the first paragraph in the lefthand column 
on page 6903 of the Plum et al article, the authors of the article conclude that these three 
analogs are "not quite as effective as l,25-(OH) 2 D 3 " but that all three of these compounds 
are "active in inducing cell differentiation." All this means is that the three compounds 
do have some cell differentiation activity, and are not devoid of such activity. However, 
the fact that these three compounds may have some activity in inducing cell 
differentiation does not lead to the conclusion that they would be likely candidates to treat 
leukemia, colon cancer, breast cancer and/or prostate cancer, especially since all three 
compounds have relatively low cell differentiation activity. One skilled in the art would 
readily recognize from the data in the Plum et al article that the cell differentiation of 
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these three compounds is relatively low, and would look to other candidate compounds 
that would have cell differentiation activity greater than la,25-dihydroxyvitamin D 3 . 

In this regard, the Examiner should note the data set forth in Figure 5 of the 
present patent application and the description thereof contained at page 9, lines 5-8 and 
page 10, lines 6-13. These data show that 2MD is 10-100 times more active than lct,25- 
dihydroxyvitamin D 3 in causing HL60 cell differentiation. Thus, based on these data, one 
skilled in the art would more likely choose 2MD over any of the above three analogs to 
treat leukemia, colon cancer, breast cancer and prostate cancer. 

An effort has been made to place this application in condition for allowance and 
such action is earnestly requested. 

Respectfully submitted, 

ANDRUS, SCEALES, STARKE & SAWALL, LLP 

By ^^^^^J^ 

Thomas M. Wozny 
Reg. No. 28,922 
(414) 271-7590 

Andrus, Sceales, Starke & Sawall, LLP 
100 East Wisconsin Avenue, Suite 1 100 
Milwaukee, Wisconsin 53202 
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Biologically active noncalcemic analogs of 
1a,25-dihydroxyvitamin D with an abbreviated side 
chain containing no hydroxyl 

Lor! A. Plum, Jean M. Prahl, Xraohong Ma, Rafal R. Sicinski*, Sumithra GowlugarF, Margaret Clagett-Dame, 
and Hector F. DeLuca* 

Department of Biochemistry, University of Wisconsin. Madison, WI 53706 
Contributed by Hecw F. DeLuca. March 18, 2004 



Since the discovery of the active metabolite of vitamin D, Ke,. 
l* i 25-dihydroxyvitamin D*, there has been a continuous effort to 
synthesize analogs able to carry out many of the functions of the 
native hormone without raising serum calcium concentration. The 
present report provides a series of previously undescribed analogs 
wherein this goal is realized. We have prepared 2-rnethylene-19- 
noM^hydroxyvitarnin D. analogs of 1,25-(OH) 2 D 3 that possess 
only two to four carbons of the side chain without a hydroxyl 
thereon. Compared to 1,2S-(OH)2D 3 , These analogs are slightly less 
active in binding to the vitamin D receptor, in causing HL-60 
differentiation, and are slightly less active in in vitro transcription 
assays using the 24-hydroxylase promoter attached to a lucif erase 
reporter gene. Of considerable importance is that these analogs, 
given to rats at daily doses of up to 70 /*g/kg of body weight per 
day. are either unable or only slightly able to raise serum calcium 
concentration but are nevertheless able to suppress parathyroid 
hormone levels in plasma up to 100% and induce 24-hydroxylase 
mRNA in skin. Because of their ability to act in vivo without raising 
serum calcium levels, they may be of considerable interest for the 
systemic treatment of diseases such as psoriasis, cancer, and 
secondary hyperparathyroidism of renal failure, where a rise in 
serum calcium is undesirable. 

Since the discovery that vitamin D must be metabolized to its 
biologically active form, la,25-dihydroxyvitamin D$ [1,25- 
(OH) 2 I>3], before it can function, an intense synthetic effort has 
been placed on preparing analogs of the vitamin D hormone with 
the hope that these analogs maybe selective in their activity and 
might be useful in treating specific disorders (1). Most notable 
among new analogs arc 19-nor-l,25-dihydroxyvhamin D2 (Zem- 
plar, Abbott) (2), 22-oxa-la I 25-dihydroxyvitamin D 2 (3), MC- 
903 (calcipotriol) (4), 16-cne-23-yne-lot,25-dihydroxyvjtamra Da 
(5), and 24-difluoro-26,27-climeihyM6-ene-la 7 25-dihydroxyvi- 
tamin Dy (6). Calcipotriol has been Successfully applied in topical 
treatment of. psoriasis under the trade name of Dovone* (7)>* 
whereas the 22-oxa-la^25-(OH) 3 D 3 has been applied to renal 
osteodystrophy and psoriasis (3). These two compounds appear 
.to be noncalcemic in their activity, primarily because they are 
rapidly metabolized and excreted (8, 9). Nevertheless, they have 
been quite useful in that their metabolic lability renders them 
considerably safer than the native hormone. Other analogs are 
also known to be metabolized rapidly (8, 9). The 19-nor-loc,25- 
dihydroxyvitamin D2 that is successfully marketed for renal 
osteodystrophy is also less caicemic but not because of rapid , 
metabolism (10). Thus, the search continues for a vitamin D 
compound that remains in the circulation but is not effective in 
raising serum calcium, while still retaining noncalcemic activi- 
ties. This paper reports a series of analogs that are clearly 
noncalcemic but are nevertheless systemically active. 

Materials and Methods 

Compounds. Structures of the 1.25-(OH) 2 D3 analogs are shown in 
Table \. 2-Methylene-19-nor-lo-hydroxyhomopregnacalciferol 
(2MP). 2-mcThylene-19-nor-20C5)-la*hydroxy-bishomopregna- 



calciferol (2MbisP) 1 2-m ethylene- 19-noMa-hydrOxyprcgna cal- 
ciferol (2Mpregna), and .^-(OH^D? were synthesized by 
Tetrionics (Madison, Wl) according to methods devised previ- 
ously in this laboratory and as modified by Tetrionics (11, 12). 
The compounds were >98% pure and had the following physical 
characteristics. 

2MP. UV (in ethyl alcohol, EtOH) X max 244, 252, 262 nm; ! H 
NMR (CDCI5), 0,547 (3H, s, 18-H 3 ), 0.94 (3H, d, J = 6.6 Hz, 
21-H3), 0-86 (3H, d, J - 6.6 Hz, 22-H*), 1.87 (1H. m), 2.00 (2H, 
m), 2.29 (1H, del, J = 13.0, 8.3 Hz, 10a-H), 2.34 (1H, dd, J = 13.2, 
5.9 Hz, 4/3-H), 2.58 (1H dd, J = 13.2, 3.9 Hz/4ct-H), 2.82 (1H, 
br d, J = 13 Hz, 9j3-H), 2.S6 (1H, dd, J - 13.0, 4.6 Hz, 10j3-H), 
4.49 (2H, m, 1£- and 3o>H), 5.09 and 5.11 (1H and JH, each s, 
= CH 3 ), 5.89 and 6-36 (1H and 1H, each d, J = 33.3 Hz, 7- and 
6-H); MS m/z (relative intensity) 330 (M + , 100), 
287 (M*-C 3 H 7 , 22), 269 <M + -C3H7-H2O, 21), 251 
(M*-C 3 H 7 -2'H 2 0, 16), 245 (27), 177 (41), 135 (62), 107 (42). 

2MbisP. UV (in EtOH) A ltli0e 244, 252, 262 nm; J H NMR 
(CDC10, 0.547 (3H, s, I8-H3), 0.833 <3H ? d, J = 6.0 Hz, 21-Ha), 
0.835 (3H, t, J = 7.3 Hz, 23-Hj), 1-87 (1H, m), 2.00 (2H, m), 
2.29 (1H, dd, J - 13.2, 8,4 Hz, 10<*-H), 2.34 (1H, dd, J = 13.4, 
6.0 Hz, 4£-H), 2.58 (1H, dd, J = 13.1, 4.0 Hz,4cr-H), 2.82 (1H, 
br d, J - 13.3 Hz, 9/3-H), 2,86 (1H, dd, J = 13.2, 4.4 Hz 7 lOjS-H), 
4.49 (2H, m, 10- and 3a-H), 5.10 and 5.11 (1H and 1M, each 
s, = CH 2 ), 5.89 and 6-37 (1H and lH, each d, J - 11.1 Hz, 7- 
and 6-H); MS m/z (relative intensity) 344 (M + , .100), 3J5 
(M + -Et, 11), 297 (M + -Et-H 2 0, 14), 287 (M+-OH* 29), 
279 (M + -Et-2-H 2 0, 11), 269 (M + ~C,H<,-H 2 0, 25), 259 
(45), 251 (M--C*H»-2-H 2 0, 21), 191 (39), 135 (70), 307 (55). 

2M P regna. UV (in EtOH). k mM 244, 252, 262 nm; ] H NMR 
(CDCh), 0.449 (3H, s, 18-H 3 ), 0.89 (3H, t, J - 7.3 Hz, 20-H 3 ), 
1,95 (2H, m), 2,30 (1H, dd, J = 13.6, 8.1 Hz, IGa-H), 2.33 (1H, 
dd, J = 13.0. 5.8 Hz, 40-H), 2.58 (lH, dd, J = 13.2, 3.9 Hz, 
4o>H), 2.83 (1H, m, 9£-H), 2,86 (1H, m, 10/3-H), 4.49 (2H, m, 
3j3- and 3o-H), 5.09 and 5.11 (1H and 1H, each s, = CH 2 ) ? 5.89 
and 6.36 (1H and 1H, each d, J = 1 3 .2 Hz, 7- and 6-H); MS m/z 
(relative intensity) 316 (M + , 100), 287 (M T -Et, 16), 269 
(M + -Et-H 3 0, 19), 251 (M + -Et-2-H 2 0/5) ? 231 (76), 163 
(56), 135 (61), 107 (88). 



Abbreviation*! 1,25»(OHhDa. 1,2S-dihydroicyvitamin SMprepna, 2-mcthylcm>19-nor- 
la-hydroxypregnacaldfefbl; 2MP, 2^ethyleneM9-nor»l<»»hydro^homopfegnacalciferol; 
2MbisP ( 2-methylene-l9-nor-20CS)-la-hydroxy-bi*honioprcgnacaldferoi: VDR, 1.25* 
dlhydroxHtamin D 3 receptor; PHT, parathyroid hormone. 

•present address: Department of Chemistry, University of Warsaw, uLLPastcura 1 , Warsaw 
02-093, Poland. 

Tprcscn* address; VersScor, 34790 Ardentech Court. Frcmom. CA 94555. 

To wham correspondence should bg addressed. E-mail: de!uc3©biochem.wrScedu. 

O 2004 by The National Academy of Sciences of tho USA 
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Table 1. Summary of in vitro assays of activity 

VDB binding 



HL60 differentiation 
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Because the chTomophores of these three compounds are 
identical, a molar extinction coefficient of 42 000 at 252nmv,as 
used in the computation of concentration of these compounds- 
from U V absorption data (11). The compounds were dissolved 
in ethyl alcohol and, with the above molar extinction cocffiorai. 
the concentrations were computed for each of them. Abbots 
were then taken and added to propylene glycol for Lp. injection. 

Animals. Sptague-Dawley male or female rats were obtained 
from Harlan (Indianapolis), housed in suspended wire cage* 
and provided the indicated diets and water ad libitum. The dieK 
used were based on diets used by Soda a at (13) and were highly 
purified. All animal procedures were approved by the Institu- 
tional Review Board of the College of Agricultural and Life. 
Sciences, University of Wisconsin, Madison. 

Computation of the * of Analog and Vitamin p * e «pwr Purified 
recombinant rat receptor was used as the binding protein (14).. 
Competition for radiolabeled l,25-(OH) 2 D3 binding to the re- 
combinant receptor was carried out as described (15). ine 
radiolabeled ligand was added to the receptor with and without 
increasing amounts of unlabeled analog. After incubation on ice 
for 16 h, the ligand-receptor complex was separated from tree 
ligand by adsorption to hydroxylapatite as described (15). ine 
hyroxylapatite containing the receptor proKia bound I to radio- 
label was placed in a scintillation vial containing BioSafc-U 
(Research Products International) and the amount of radioac- 
tivity determined in a Packard TriCarb Sdnfljun Coumer 
(model no. 2300TR). R values were calculated by using the 
Cheng and Prusoff equation (16), with a Kc .value of 0.2 1 nM for 
l,25-(OH)i( 3 H)D a binding to the 1,25-dihydroxyv.tamin D 3 re- 
ceptor (VDR) (Table 1). 

HL-co Differentiation. HL-60 cells were seeded at 1 X 10 s cells in 
each plate (60 x 15 mm). Increasing amounts of ligand were 

Plum eta/. 



added, and differentiation was measured by nitroblue tetrazo- 
linium reduction 4 days after ligand addition as described (17). 

Transcriptional Assays. These assays were carried out with osteon 
lareoma cells 17/2*8 stably transfected with the 24-hyd»«ylase 
promoter in front of the luciferase reporter gene (IS). . The 
induction of luciferase in these cells after 16 hof exposure to the 
analog is compared to the active hormone (Table 1). 

tatestinal Caldum Transport and Bone Calcium *»W h ^^"- 
line male rats were fed a 0-47% calcium, 0.3% phosphorus, 

then switched to a 0.02% calaum-containing diet for 3 weeKS 
^£ZS£d*mk to the 0.47% calcium 03% phosphorus 
diet. After 1 week, they were returned to the 0.02% calcium diet, 
and the experiment was carried out after 1 additional week. The 
animals were placed into groups of five; the first Swerved as 
the vehicle control; the second, third, and fourth groups rece ved 
increasing doses of the analog, whereas a fifth group received 
1 25-(OH) z D 3 at the dose level indicated. The same dose was 
administered every day for 4 days' At the end of this period and 
24 h after the last dose, the animals were killed, and serum was 
taken for determination of calcium; the upper 10 centimeters of 
duodenum were removed, everted, and used for the measure- 
ment of intestinal calcium transport, as described (17). Because 
these animals were receiving a diet essentially devoid of calcium, 
rises in- scrum caldum reflect the calcium coming from bone. 

EHert of High Doses of Analogs on Serum Caldum. Normal vitamin 
D-sufficient rats (adult female Sprague-Dawley) fed a 0.47% 
calcium, 0.3% phosphorus diet were maintained n the colony, 
and each dav for 7 days, the dose of the indicated analog was 
provided i.p.'to propylene glycol/ethanol (95:5). At vanous vm* 
during the experiment, the animals were weighed, and serum was 
taken for .the determination of calcium. 

• ' PIMAS I May t. 200* I vol.101 | no. 13 | 6S01 
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Fig. I . Intestinal ealeitim transport in vitamin D-deflcient rats. Values shown 
are the mean s standard error. Asterisks denote means statistically different 
from vehicle control animals (f> < o.0S). Statistical analyses were done by 
fn^T^ 9 ^ N0 ^ follOwdb ^^^ isec0m P arison ^^^Sche«e' s , 
and i Fuher-s least significant difference tests)-. Those different from vehicle 

SaS^ of th - ee pa,,wise <omparison usa were deemed 

Parathyroid Hormone (PTHJ Suppression. Adult, vitamin D- 
sutticieot, femaJe Sprague-Dawley rats were fed the purified 
diet containing 0.47% calcium and supplemented with vitamin 
D (described above). The shortened side chain analogs were 
administered up. for 7 consecutive days and l,25-(OH) 2 Di for 4 
consecutive days. Twenty-four hours after the last dose, rats were 
anesthetized with isofluprane, blood was collected, and the 
concentration of bioactive serum PTtt was measured by using 

aJSU°c5)" lmaCt PTH EL - SA kk from W^topto (San 

^Hydroxylase mRNA in Skin. Adult vitamin D-sufficieni Spracue- 

SSSTVE" f -., d ? e u°' 47% Calcium * nd 03% P^sphorus 
purified diet (described above). 2MP was administered i.p. for 7 
consecutive days or the native hormone for 4 consecutive days. 
Twenty-four hours after the last dose, skin from the dorsal side 
was harvested and immediately frozen in liquid nitrogen. Total 

^■^o, 1SOla i cd b y. usi PS' tne method of Chomczynski and 
Sacctu (19), and quantirauvc RT-PCR was performed. Reverse 
transcription was done by using 10 jutg of total RNA and avian 
myeloblastosis virus reverse transcriptase (Promega). PCR am- 
plification was performed in the presence of SYBR green 
(FastStaftDNA Master SY.RR Green I, Roche Applied Science) 
by using the LightCycler (Roche Applied Science). Reactions for 
PCR amplification were set up with 0-actin primers (5'-TTT 

I www.pnai.org/egl/dol/lo.1073/pnas.lVWl65610l 
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Fig- 2. fione calcium mobilization in vitamin D-def itient rots. Values shown 
are the mean ± standard error. Asterisks denote means statistically different 
from vehicle control anima/s (P < 0.05), Statistical comparisons were per- 
formed as In fig. i . 

GGC ACC ACA CTT TCT AC-3 ' and5'-AGG ATG GCATGA 
GGG AGC GC-3'; 95*C denaturacjon forlS sec, $3°C annealing 
for 5 sec, 72 D C extension for 12.sec) to control for differences in 
reverse transcription efficiencies. In addition, ■ because these 

Table 2. Serum calcium levels in adult female rats 

Compound Pose level, ^g/kg Serum calcium, mg/di 



Vehide 

76r r 2S(OH) 2 0 3 

2MP 



2MbisP 



2Mpregna 



0.2 
0.6 
2.3 
6.8- 

67 
0.8 

•2.3 
7,6 

70 
0.7 
' 2.2 

: e.s 

64 



' 9.3 - QA 
' 10.6 = 0.1* 
9-5± 0,1 
.9.6 ± 0.3 
10.3 = 0.1* 
11-2 ± 0.2* 
9.2 x 0.1 
9.1 i 0.1 

9.1 = 0.1 
9.5 3 0.1 

9.2 = 0.1 
S.9 * 0.1 

■ 9,0 ± 0.1 . 

9.3 -r 0,1 



Statistical analysis was dona.by ANOVA.followed ; .by pa?rwise comparison 
tests (Tukey's, Scheffe's. and Fisher's least significant difference). Only those 
values different in two of three, post hoc tests were deemed statistically 
different. 

-Values statistically different (P < 0.05) from vehicle control values. 
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Fig, 3. PTH suppression in adult female rats. Values shown are the mean = 
standard error. Asterisks denote means statistically different from vehicle 
control animals (P < 0.0S). Statistical comparisons were performed as in Fig. 1 . 



primers span an intron, these reactions were also used to 
eliminate any samples containing contaminating genomic DNA. 
The primers used for quantitation of 24-hydroxylase mRNA 
were 5'-GCA TGG ATG AGC TGT GCG A-3' and 5'-AAT 
GGT GTC CCA AGC CAG C-3' (95°C denaturation for 15 sec, 
55°C annealing for 5 sec, and 72°C extension for 30 sec). 

Results 

It is indeed quite remarkable that the abbreviated side chain 
analogs all bind to the VDR with only slightly lower affinity than 
does the native hormone (Table 1). This is quite, surprising 
inasmuch as these compounds lack a 25-hydroxyl group and a 
large portion of the side chain, both of which arc considered 
essential for receptor binding (20). These encouraging results led 
to a study of whether these compounds could induce differen- 
tiation of HL-60 cells. Although not quite as effective as 
l,25-(OH)2D3, these three compounds are all active in inducing 
cell differentiation. A further test of the activity of these side 
chain analogs in transcription assays (Table 1) shows that they 
are all clearly effective, again indicating that neither the side 
chain nor the 25-hydroxyl group is required in the genomic 
mechanism. Taken together, these tests conducted in vitro and in 
culture indicate' that these analogs retain significant activity in 
VDR binding, in the promotion of cell differentiation, and in the 
activation of VDR-mediated gene transcription. 
^ A measurement of in vivo activity indicated that the shortened 
side, chain analogs arc either unable or less able to support 
intestinal calcium transport and are inactive in the mobilization • 
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Fig, 4. 24-OHase induction in the skin of adult female rats. Values shown are 
the mean = standard error. An asterisk denotes means statistically different 
from vehicle control animals (P < 0.05). Statistical comparisons were per- 
formed as in Fig. 1. 



of bone calcium, as revealed in vitamin D-dcficient rats on a 
0.02% calcium diet (Figs. 1 and 2). Doses of 2MbisP as high as 
5.4 /ig/kg of body weight did not lead to an increase in calcium 
transport relative to the vehicle-treated group. Although 2MP 
was clearly .less active than l,25(OH) 2 D3 jn supporting Intestinal 
calcium transport, it showed some slight activity at the highest 
dose tested in this assay (Fig. 1). 

To emphasize the lack of calcemic activity. Table 2 presents a 
daily dose study in vitamin D-suffkient female rats. Doses as 
high* as 70 /xg/kg per day of the 2MbisP and 2Mpregna failed to 
increase serum calcium concentration, whereas 2MP at 67 MgAg 
per day causes significant hypercalcemia. In other studies, female 
rats given 2MP at 300 MgAg P er dav orally for 30 days had serum 
calcium values in the normal range (data not shown). Thus, these 
compounds are very well tolerated even at high doses. , 

Of course, the important question is whether these com- 
pounds are active at all in vivo. Of great importance is the finding 
that these three substances are able to suppress circulating PTH 
levels to virtually zero in the case of 2MP and 2Mbi$P (Fig. 3). 
The 2Mpregoa, although it causes a 60% suppression, was not 
quite as effective as the longer side chain analogs (Fig. 3). ' 

To gather further information, on systemic activity of the 
analogs, wc studied the induction in vivo of the 24-hydroxylase 
in keratinbeytes by 2MP vs. ^^-(OHJsDa (Fig. 4). The results 
demonstrate that 2MP given i.p. is able to stimulate 24- 
.hydroxylase in vivo in the keratinocyte although not as active as 
l,25-(OH) 2 D 3 (data not shown). 

These two results suggest that the shortened side chain analogs 
are systemically active despite the fact that they have no 25-' 
hydroxyi group. 

The remarkable Jack of calcium elevation by cither 2Mpregna 
or 2MbisP led us to consider whether these compounds even at 
very high doses can stimulate the genes responsible for raising 
serum calcium by either an intestinal activity or bone activity. 
These results show that even as high as 70 MgAg, the 2-meth- 
ylcne-20(S)-bi$homo-la-hydroxypregnacalciferoI is unable to 
raise serum calcium concentration. Because these doses are well 
above those found to suppress PTH, it is indeed obvious that this 
compound is, in fact, selective in its activities. Thus, it is unable 
to stimulate intestinal calcium transport or bone calcium mobi- 
lization, while being able in vivo to suppress PTH in the plasma. 
The 2Mpregna is also unable to raiseserum calcium but is much 
less effective in suppressing PTH than is the 2MbisP analog. 
Although 2MP is fully active in suppressing PTH, it is able to 
raise serum calcium presumably by stimulating intestinal calcium 
transport. 
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Discussion 

This unique set of analogs of l,25-(OH) 2 C>3 have three very 
important features. The first and foremost is that these analogs 
are ableto act even though they have no 25-hydrbxyl group and, 
secondly, hayc very little side chain. Third, these analogs bind to 
the receptor,' are able to cause cellular differentiation in vizro, 
and, of considerable importance, they can induce 24-hydroxy!ase 
raRNA in vivo in the keratinocyte and suppress secretion of PTH 
into the blood stream, while having minimal or no ability to 
activate calcium mobilization. Exactly how the analogs accom- 
plish this array of activities remains to be determined. Very likely 
they bind to the receptor but must produce different conforma- 
tional changes in the VDR that either exclude binding a coac- 
tivator(s) necessary for calcium mobilization or render the VDR 
. unable by whatever mechanism to stimulate the genes respon- 
sible for movement of calcium. On the other hand, both 2MbisP 
and 2MP are able to induce complete suppression of PTH, while 
at least 2MP is able to induce the 24-hydroxylase mRNA in the 
keratinocyte. These properties suggest that these analogs may 
also be ideal compounds for the treatment of renal osteodys- 
trophy in that (i) they either do not or minimally support 
intestinal calcium absorption; (if) they do not support bone 
calcium mobilization; and («*) they either do not raise scrum 
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calcium levels or at least have little such activity. Further, in 
unreported results, they appear to lack the ability to suppon 
phosphate absorption in the small intestine. . 

It is of considerable importance that these compounds are able 
to cause differentiation and to suppress growth of thos^ 

ceils. Their application to diseases such as cancer is suggested 
from these results. Thus, high doses can be used without dangei 
of hypercalcemia, unlike many of the analogs studied for the 
treatment of cancer to date. Finally, their use in the treatment 
of autoimmune diseases and psoriasis may also be suggested, 
because the elimination of ihe unwanted hypercalcemia activity 
may allow their safe use at high doses. 

The mechanism of selectivity of these shortened side chain 
noncaicemic analogs remains to be determined. That they bind 
to the VDR and are able to be transported to keratinocytes and 
the parathyroid glands suggests that these compounds are se- 
lective at the generic and nor the metabolic level. Working out 
the mechanism whereby this selectivity occurs would be of 
considerable interest. In the meantime, the possibility that These 
compounds may be developed for treatment of diseases certainly 
warrants additional investigation. 
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